The effect of short
Lasting effects of infantile experiences to adverse conditions of newborn mammals on their responses in adulthood to cold stress as well as other stresses have been described MOUNT, 1967: LEVINE et al., 1958) . Manipu-lation in infancy exhibits an earlier development of physiological response to cold stress. Early exposure of infant rats and mice to cold could accelerate the development of thermoregulation (GELINEO, 1964) , female reproductive and maternal behavior and survival of male mice on cold exposure in the adulthood (BARNETT and BURN, 1967) .
These results led us to investigate the influence of infantile cold experience on cold tolerance and cold-induced thermoregulation in adulthood, since cold exposure in the early neonatal period could be expected to produce a more profound and long-lasting effect on cold adaptability in adulthood. 
RESULTS
The growth rate of animals As seen in Table 1 , there was no significant difference in the increment in body weight between N-CA and N-WA rats at various days from birth to 19 weeks. It thus was demonstrated that repeated cold exposure in the early neonatal period produced no effect on the growth rate of N-CA rats. The thermal responses in the test of cold exposure Table 2 summarizes the time course of the changes in the electrical activity of neck muscles in N-CA, N-WA and A-CA rats of all experimental groups (I-VII) during the acute cold exposure test for up to 90 min. As indicated in Table 2 , the acute cold exposure test in N-WA control rats caused a significant increase in shivering as early as 5 min after cold exposure and its elevation was sustained until 90 min, whereas N-CA rats 1 week after the termination of cold exposure (Exp. I) produced only a small increment throughout the same period of cold exposure. The values in shivering from 5 through 90 min during the cold exposure test were significantly smaller in N-CA rats than in N-WA ones for all experiments (I-VII) (P<0.05-0.001).
On the other hand, as Table 3 shows, the colonic temperature fell at a significantly slower rate in N-CA rats than in N-WA ones during the cold exposure test. The difference between the two groups was significant at 60 (P< 0.05) and 90 (P<0.05) min during the cold exposure test. The same cold exposure test was repeated on N-CA and N-WA groups at 3, 4, 7 and 19 weeks after the termination of cold exposure (Exp. II, III, IV, V, respectively). In A-CA rats also less shivering and the maintenance of a higher colonic temperature at 2 weeks after the termination of cold exposure (Exp. VI) were observed, but this enhanced cold tolerance in A-CA rats vanished within 4 weeks (Exp. VII) and there was no significant difference in the response to cold between the A-CA and N-WA rats of the same age as A-CA ones (Tables 2 and 3) . Thus, it can be concluded that a Table 3 . Changes in colonic temperatures during cold exposure.
Legends same as in Fig. 1 and Tables 1 and 2 . Vol. 29, No. 2, 1979 fall in the colonic temperature in response to cold was significantly less in N-CA than in N-WA rats in spite of a lower elevation extent in the shivering even 19 weeks after the termination of cold exposure (Exp. V), while in A-CA rats less fall in the colonic temperature accompanied by less shivering in the cold had disappeared by 4 weeks after the termination of cold exposure (Exp. VII).
The colonic temperature at the onset of shivering The temperatures at which the shivering started in N-CA, N-WA and A-CA rats at various ages are shown in Fig. 2 . The temperatures at the onset of shivering were lower in N-CA rats than those in N-WA ones from 1 week up to 19 weeks. As to the A-CA rats, a similar result was obtained, but in rats at 4 weeks after the termination of cold exposure its value became similar to that of N-WA control rats.
The effect of extirpation of IBAT on the response to cold
In another series of experiments, a possible involvement of brown adipose tissue (BAT) in the thermoregulation of N-CA and N-WA rats was investigated by means of extirpation of IBAT. These animals 3 weeks after the termination of cold exposure responded to cold by a much greater increase in shivering and a larger fall in colonic temperature both in the N-CA and N-WA groups as compared with the corresponding sham-operated controls as shown in Fig. 3 . The elevation of shivering was greater at 15 min (P< 0.05) and 30 min (P <0.05) in the N-WA group and 60 min (P <0.05) in the N-CA ones after cold exposure, as compared with the sham-operated controls. As to the colonic temperature, its fall was significantly greater 30 min (P < 0.05) and 60 min (P< 0.05) in N-WA rats, and 30 min (P< 0.05), 60 min (P < 0.05) and 90 min (P< 0.05) in N-CA ones after cold exposure. However, in rats 7 weeks after the termination of cold exposure the extirpation of IBAT did not exhibit any noticeable influences on changes in shivering and the colonic temperature due to cold exposure in both N-CA and N-WA rats (Fig. 4) . Figure 5 shows the relative weight of IBAT to body weight. There was no significant difference between the N-CA and N-WA rats. On the other hand, the IBAT weight of A-CA rats 2 weeks after the termination of cold exposure was greater than that of the N-WA control rats. After 4 weeks the difference did not become evident.
Sensitivity to the thermogenic effect of norepinephrine
To evaluate the capacity of nonshivering thermogenesis on the experimental animals, the calorigenic effect of norepinephrine was examined. The maximal increment from the basal level is shown in Fig. 6 . In N-CA rats the peak values are significantly higher than those in N-WA ones at 2 (P<0.001), 4 (P<0.001) and 7 weeks (P<0.01) after the termination of cold exposure. In contrast, in A-CA rats the maximal value obtained 4 weeks after the termination of cold exposure had already become similar to those in N-WA and A-WA rats. Thus, cold exposure could cause a longer maintenance of the enhanced sensitivity to norepinephrine in N-CA rats than in A-CA ones. The time taken to reach a maximal response to 
DISCUSSION
The present findings would appear to indicate that the effect of infantile cold exposure could produce more sustained cold tolerance persisting up to adulthood, as compared with cold acclimation in adult rats. The results are in keeping with those in a report by PASCALOV-STOENESCU et al. (1976) . They described that training rats to cold in the neonatal period developed a significantly milder hypothermic reaction in the adult rats exposed to cold than in the controls, suggesting an involvement of central nervous metabolism, especially metabolism of phospholipids, phosphoproteins and nucleic acids and thyroid function (ADRELEANU and STERESCU, 1976) . Our results clearly indicate that the long-lasting effect of cold exposure on cold tolerance in the neonate is characterized by an increased nonshivering thermogenesis mediated via norepinephrine. It has been well established that shivering gradually loses its importance as a form of heat production and is progressively replaced by nonshivering thermogenesis during cold exposure (SELLERS et al., 1954; HART et al., 1956) . In the present study, as described in the results (Table 2) , the shivering of neck muscles of N-CA rats from 1 week to 19 weeks after the termination of cold exposure remained at zero level or was only slightly increased during the test cold exposure. In contrast, N-WA rats at all ages displayed overt shivering. As Fig. 2 shows, colonic temperatures at the onset of shivering were lower in N-CA and A-CA rats than in N-WA ones, indicating the suppression of shivering in cold-acclimated rats. This mechanism enables the cold acclimated animals to use the full amount of nonshivering thermogenesis before the less eco-nomical shivering is actuated, as suggested by BRUCK et al. (1970) . In fact, it is reflected in the finding that N-CA and A-CA animals maintained higher colonic peratures than did N-WA ones in the cold (Table 3) . Thus, the occurrence of temshivering did not increase the thermoregulatory efficiency ; regardless of the increased shivering the colonic temperature declined more rapidly in the N-WA group than in the N-CA one (Table 3) . Moreover, sensitivity to the calorigenic effect of norepinephrine was maintained at a higher level and persisted in adulthood (Fig. 6 ). These findings suggest that the cold exposure during infancy results in some irreversible or permanent alterations in the thermogenic system. On the other hand, A-CA rats showed a markedly increased nonshivering thermogenesis and better cold tolerance in 2 weeks after the termination of cold exposure than A-WA ones, but lost these abilities by 4 weeks.
The mechanism involved has not been elucidated, but the BAT, which is known to be the main thermogenic organ in newborn mammals (SMITH and HORWITZ, 1969) , might be related to the early effect of cold exposure on the thermoregulatory activity of adult animals. Increased thermogenesis in the BAT of newborn rats and the adult cold-acclimated rats, or after injection of norepinephrine, has been documented (SMITH and HORWITZ, 1969 ; CHAFFEE and ROBERTS, 1971) . Therefore, the functional significance of BAT was investigated. After removal of IBAT the cold tolerance of N-CA rats at 3 weeks after the termination of cold exposure was reduced to some extent in the present study. However, a similar response to cold after extirpation of IBAT also was noted in N-WA rats and no significant difference was observed in the cold response due to removal of IBAT between N-CA and N-WA rats at 7 weeks after the termination of cold exposure. It may be inferred from these results that IBAT does not play a main role in the maintenance of nonshivering thermogenesis in N-CA rats. However, we cannot exclude the possible participation of BAT masses other than IBAT as indicated by FOSTER and FRYDMAN (1978) .
It is well known that the development of the central nervous system is influenced by external and internal environmental factors and some of these changes are supposed to be permanent (DAVISON and DOBBING, 1966) . BUKOWIECKI and HIMMS-HAGEN (1971) have reported that chronic exposure to cold stimulates the central nervous system, especially its myelination. It has been shown by DAVISON and DOBBING (1966) that stress of every kind in the first 3 weeks of life, the period in which myelinization occurs in rats, cause irreversible changes in the central nervous system. In this context, it is of interest to refer to the report by BUCHANAN and HILL (1947) that the development of temperature regulation occurs simultaneously with an increase in the myelination of the hypothalamic fibers. Furthermore, they suggested that between 12 and 16 days of age in the rats there is an increase in the hypothalamic control of heat production. These findings would appear to indicate that repeated cold exposure in an early neonatal period accelerates the myelinization of the central nervous system, especially of the hypothalamus and speeds up the development of nonshivering thermogenesis which leads to enhanced cold tolerance.
Another possible mechanism might be the direct effect of cold stress on the neuroendocrine system. It has been reported by many investigators that various stresses can enhance the hypothalamus-pituitary-adrenal response in the early postnatal period of rats (BARTOVA, 1968; HIROSHIGE and SATO, 1971) . GIANUTSOS and MOORE (1977) demonstrated that repeated exposure to cold stress (4°C, 1 hr 3 times a day for the first 3 days of life), or injection of ACTH or dexamethasone in the early days of life caused an elevation of phenylethanolamine N-methyltransferase (PNMT) activity and epinephrine content in the superior cervical ganglion (SCG) of rats. Dexamethasone has been shown to make this ablility lose to increase PNMT (CIARANELLO et al., 1973) and epinephrine content (KosLow et al., 1975) in the SCG of adult rats. These results suggest that infantile cold exposure releases hormones such as ACTH and glucocorticoid and that target cells sensitive to these hormones are more active in the early period of life and lose their sensitivity gradually as the animals mature. In the light of the above considerations, the more greatly potentiated cold tolerance of N-CA rats than A-CA ones observed in the present study might result from a more active epinephrine-synthetizing system. Thus, it would be expected that the adrenergic nerve system participates in the sustained cold acclimation. The greater and longer-lasting capacity of the thermogenic response to norepinephrine observed in N-CA rats might be explained by the above speculation: some irreversible or permanent alterations in the sympathetic nervous system caused by repeated cold exposure in early neonatal period is concerned with the development and the maintenance of nonshivering thermogenesis associated with cold adaptability in the rat.
